Recent studies suggest that bone marrow (BM)-derived stem cells have therapeutic efficacy in neonatal hyperoxia-induced lung injury (HILI). c-kit, a tyrosine kinase receptor that regulates angiogenesis, is expressed on several populations of BM-derived cells. Preterm infants exposed to hyperoxia have decreased lung angiogenesis. Here we tested the hypothesis that administration of BM-derived c-kit + cells would improve angiogenesis in neonatal rats with HILI. To determine whether intratracheal (IT) administration of BM-derived c-kit + cells attenuates neonatal HILI, rat pups exposed to either normobaric normoxia (21% O 2 ) or hyperoxia (90% O 2 ) from postnatal day (P) 2 to P15 were randomly assigned to receive either IT BM-derived green fluorescent protein (GFP) + c-kit -cells (PL) or BM-derived GFP + c-kit + cells on P8. The effect of cell therapy on lung angiogenesis, alveolarization, pulmonary hypertension, vascular remodeling, cell proliferation, and apoptosis was determined at P15. Cell engraftment was determined by GFP immunostaining. Compared to PL, the IT administration of BM-derived c-kit + cells to neonatal rodents with HILI improved alveolarization as evidenced by increased lung septation and decreased mean linear intercept. This was accompanied by an increase in lung vascular density, a decrease in lung apoptosis, and an increase in the secretion of proangiogenic factors. There was no difference in pulmonary vascular remodeling or the degree of pulmonary hypertension. Confocal microscopy demonstrated that 1% of total lung cells were GFP + cells. IT administration of BM-derived c-kit + cells improves lung alveolarization and angiogenesis in neonatal HILI, and this may be secondary to an improvement in the lung angiogenic milieu.
INTRODUCTION
Bronchopulmonary dysplasia (BPD) is the most common chronic lung disease of infancy (14) . It occurs as a consequence of two main insults: arrest of normal lung development (8) and abnormal repair of the preterm injured lung (22) . Most preterm infants who develop BPD are in the late cannalicular or saccular stage of lung development (21). Furthermore, most preterm infants who acquire this disease have been exposed to relatively high oxygen concentrations (8) . With the advent of use of gentler ventilation strategies, antenatal corticosteroids, and surfactant, the mortality of preterm infants has decreased, but this has been accompanied by a relative increase in the incidence of BPD (34). In fact, BPD occurs in approximately one in three very low birth weight premature infants, accounting for more than 12,000 new cases in the hyperoxic injured lung, the most efficacious population of BM-derived stem cells for neonatal lung repair is still unknown.
V-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog (c-kit) or cluster of differentiation 117 (CD117), a known marker of BM-derived and tissue stem cells, is a type III tyrosine kinase receptor known to be involved in vasculogenesis as well as angiogenesis (32, 40) . This receptor has been shown to be expressed on populations of EPCs, HSCs, and MSCs (12, 33) . The potential of BM-derived c-kit + cells to regenerate the lung is unknown. However, previous studies have shown that BM-derived c-kit + cells, and not MSCs, improved cardiac function following myocardial infarction by increasing endogenous cardiac progenitor cells (30) . Moreover, local delivery of BM-derived c-kit + cells increased perfusion following hindlimb ischemia by either incorporating into the vasculature or by increasing the secretion of angiogenesis-related factors (29) . BM-derived c-kit + cells also protected the heart from ischemic damage following infarction by enhancing the cardiac angiogenic milieu (15).
The present study sought to elucidate whether BMderived c-kit + cells would attenuate hyperoxia-induced lung injury (HILI) in neonatal rodents, an experimental model of BPD. We demonstrate that intratracheal (IT) administration of BM-derived c-kit + cells improves angiogenesis and alveolarization in experimental BPD, and this is accompanied by increased secretion of proangiogenic factors and decreased lung apoptosis. These findings suggest a potent cell-derived therapeutic strategy to treat neonatal hyperoxia-injured lungs as seen in BPD.
MATERIALS AND METHODS

Animals
Adult male green fluorescent protein (GFP) transgenic Sprague-Dawley rats were purchased from The Rat Resource and Research Center (Columbia, MO, USA). Pregnant Sprague-Dawley rats were purchased from Charles River Laboratories (Wilmington, MA, USA).
All animal procedures were approved by the Animal Care Committee at the University of Miami.
Isolation of GFP + BM-Derived c-kit + Cells
Adult male GFP + transgenic Sprague-Dawley rats were utilized for isolation of BM-derived c-kit + cells as previously described (30). In brief, male GFP + SpragueDawley rats were euthanized by CO 2 asphyxiation. Tibiae and femurs were aseptically harvested and cleaned of adherent soft tissue. The proximal and distal ends of the femur were excised at the beginning of the marrow cavity. Whole bone marrow plugs were harvested by flushing the bone marrow cavity with a syringe connected to an 18-gauge needle (Monoject, St. Louis, MO, USA) filled with phosphate-buffered saline (PBS; Life Technologies, Grand Island, NY, USA) + 1% fetal bovine serum (FBS; Life Technologies). The c-kit + population from among the bone marrow cells was then isolated by a magneticactivated cell sorting (MACS) system (Miltenyi Biotec, Auburn, CA, USA). The yield and viability of cells was assessed by trypan blue (Life Technologies) exclusion and counted on a hemocytometer (Sigma-Aldrich, St. Louis, MO, USA). For injection, the cells were washed and resuspended in PBS at a concentration of 5 × 10 4 cells/50 μl.
Therapeutic Efficacy of BM-Derived c-kit + Cells in an Experimental Model of BPD
Within 48 h after birth, newborn Sprague-Dawley rat pups (n = 160; 16 litters; male to female ratio 1:1) received either normobaric normoxia (room air; RA) or hyperoxia (90% O 2 ). Mothers were rotated between normoxia and hyperoxia every 48 h to prevent oxygen toxicity to them. The rat pups were kept in their designated environment for a period of 1 week and randomly assigned to receive 5 × 10 4 BM-derived GFP + c-kit -cells (50 μl) as placebo or BM-derived GFP + c-kit + cells on P8 in a single IT injection. This dosage was based on previous data showing efficacy in organ repair utilizing this dosage of BM-derived c-kit + cells (19) . Following anesthesia with intraperitoneal injections of ketamine (30 mg/kg; Bioniche Animal Health, Athens, GA, USA) and xylazine (4 mg/kg; LLOYD, Inc., Shenandoah, IA, USA), the trachea was exposed through a small incision in the midline of the neck, and BM-derived c-kit + cells or c-kit -cells (5 × 10 4 in 50 μl) were delivered by tracheal puncture with a 30-gauge needle (Nipro Medical, Bridgewater, NJ, USA). The incision was closed with Vetbond TM tissue adhesive (3M, St. Paul, MN, USA), and the pups were allowed to recover within a warmed plastic chamber. After the injections, the animals were returned to their hyperoxic or normoxic environments for an additional period of 1 week. The animals were studied at P15. Lung alveolarization, vascular development, pulmonary hypertension, vascular remodeling, and epithelial cell apoptosis were evaluated at P15. Animals were sacrificed following measurements for pulmonary hypertension by CO 2 asphyxiation.
Assessment of Lung Alveolarization
A 23-gauge catheter was introduced through the right ventricular wall and advanced into the pulmonary artery and fixed in this position by suturing to the ventricular wall. The catheter was connected to a reservoir containing 4% paraformaldehyde (Sigma-Aldrich). This solution was delivered at an air-driven pressure of 25 cmH 2 O for 5 min, and the atrium was punctured after distension. The airways were perfused through the trachea with 4% paraformaldehyde at a transpulmonary pressure of 20 cmH 2 O for 5 min. The lungs were excised and placed in 4% paraformaldehyde overnight at −4°C. After 24 h, they were 
Immunostaining
Lung sections were deparaffinized in xylene and rehydrated through graded ethanol. The sections were incubated with respective primary antibodies overnight at 4°C. For immunohistochemistry, the tissue sections were then incubated with biotinylated secondary IgG (1:200; Vector Laboratories, Burlingame, CA, USA) for 1 h at room temperature. The cell-bound biotinylated secondary antibody was detected with streptavidin-biotin-peroxidase complexes and diaminobenzidine substrates (Vector Laboratories). For immunofluorescence staining, the tissue sections were incubated with AlexaFluor 488-or AlexaFluor 594-labeled secondary antibodies (Invitrogen, Carlsbad, CA, USA) for 1 h at room temperature. After being washed with PBS, the tissue sections were counterstained with 4,6-diamidino-2-phenylindole (DAPI; 100 ng/ml; Vector Laboratories) and mounted with glycerol.
Lung Vascular Density
Midlung sections 5 μm thick of the upper and lower lobes were deparaffinized, rehydrated, and stained with polyclonal rabbit anti-human Von Willebrand factor (vWF; 1:200; Dako Corp., Carpinteria, CA, USA), an endothelial cell marker. The number of blood vessels (20-50 μm in diameter) in each hpf was counted by a blinded observer. Five randomly selected, nonoverlapping parenchymal fields were evaluated from lung sections of each animal (five to six per group).
Pulmonary Hypertension (PH)
The degree of PH in neonatal rats was determined as previously described (47). Right ventricular systolic pressure (RVSP) was measured as a surrogate of pulmonary artery pressure.
Assessment of Pulmonary Vascular Remodeling.
Paraffin-embedded sections were stained with polyclonal rabbit anti-human vWF (1:200) and monoclonal mouse anti-a-smooth muscle actin (a-SMA: 1:500; SigmaAldrich). Medial wall thickness (MWT) of partially and fully muscular arteries (20-50 μm) was determined by using the formula: 2(MT)/ED, where MT is the distance between the internal and external elastic laminas and ED is the external diameter. Approximately 20 randomly chosen arteries were evaluated per slide (n=5-6/group), and all morphometric analyses were performed by a blinded observer.
Assessment of Lung Inflammation
Lung inflammation was assessed by immunostaining for Mac3 (1:200; BD Biosciences, San Jose, CA, USA), a macrophage-specific marker [which may be lysosomalassociated membrane protein 2 (LAMP2)]. The number of Mac3 + cells in the alveolar air spaces was counted from 10 random images taken with the 40× objective on each slide (n=5-6/group).
Quantitative Real-Time PCR
RNA from lung tissue was extracted (RNeasy Midi Kit, Qiagen, Inc., Valencia, CA, USA) and reverse transcribed. The specific cDNA for angiopoietin-1 (Ang-1) and vascular endothelial growth factor (VEGF) was quantified by real time RT-PCR using SuperArray (Frederick, MD, USA) following the RT2 Real-Time Gene Expression Assay protocol. Primers for Ang-1, VEGF, and 18S (as an internal control) genes were predeveloped by SuperArray. The relative quantity of Ang-1 and VEGF was normalized to 18S expression.
VEGF ELISA
Lung VEGF concentration in rat lung homogenates (obtained from the right lower lobe of the rat pups) was evaluated by the Quantikine ELISA kit (R&D Systems) as per the manufacturer specifications.
Western Blot Analysis
The protein expression of cleaved caspase-3 (CC3) in lung homogenates was determined by Western blot analysis as previously described (47). The polyclonal antibody for CC3 (1:1,000) was obtained from Cell Signaling Technology (Danvers, MA, USA). The antibody for the normalization protein, b-actin (1:10,000), was obtained from Sigma-Aldrich.
TUNEL Assay
Terminal deoxynucleotidyl transferase dUTP nickend labeling (TUNEL) staining of lung sections was performed using a TUNEL kit (Roche Applied Science, Penzburg, Germany) as per manufacturer instructions. Five randomly selected fields per slide were photographed, and the number of apoptotic nuclei as well as the total number of nuclei was counted per hpf (n = 5-6/group). The apoptotic index was obtained by means of the formula: (number of apoptotic cells per field)/(total number of cells per field). Percent = apoptotic index × 100.
Cell Engraftment
Lung sections were immunostained with surfactant protein C (SP-C: 1:50; Millipore, Billerica, MA, USA) and vWF (1:200). Engrafted GFP + BM-derived c-kit + and c-kit -cells that express SP-C or vWF were manually counted in five random fields per section. Images were captured under a Zeiss Confocal Microscope (LSM-510; Carl Zeiss Microimaging, Inc., Thornwood, NY, USA).
Statistics
All results were reported as mean ± SD. Data were analyzed by two-way ANOVA followed by post hoc analysis (Holm-Sidak). Values of p < 0.05 were considered statistically significant. Statistical analysis was performed using SigmaStat software (SyStat Software, Inc., San Jose, CA, USA).
RESULTS
Bone Marrow-Derived c-kit + Cells Improve Angiogenesis in Neonatal HILI
Neonatal hyperoxia exposure is associated with significant vascular pruning (46). Thus, we first questioned whether the administration of BM-derived c-kit + cells to neonatal rats with HILI would improve lung vascular density. Exposure to hyperoxia resulted in marked vascular rarefaction in the group of rat pups treated with BM-derived c-kit -cells (10.8 ± 1.6 vs. 3.4 ± 0.5 vessels/hpf; RA BMderived c-kit -cells vs. hyperoxia BM-derived c-kit -cells; p < 0.001, n = 5-6/group) (Fig. 1A, B) . In con trast, the administration of BM-derived c-kit + cells significantly increased lung vascular density in the hyperoxia-exposed rats (3.4 ± 0.5 vs. 7.9 ± 1 vessels/hpf; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.02, n = 5-6/group) (Fig. 1A, B ). This improvement in lung angiogenesis was associated with a fourfold increase in lung VEGF gene expression (hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) and a fivefold increase in lung Ang-1 gene expression (hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) (Fig. 1C, D) . Moreover, evaluation of the VEGF protein concentration in lung homogenates by ELISA revealed a marked increase in lung VEGF protein concentration in the hyperoxic rats treated with BM-derived c-kit + cells (1,113 ± 61.4 vs. 1,820 ± 1.4 pg/ml; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) (Fig. 1E) .
Bone Marrow-Derived c-kit + Cells Improve Alveolarization in Neonatal HILI
Since angiogenesis and alveolarization are interrelated processes (42), we next examined whether the administration of BM-derived c-kit + cells would improve alveolarization in neonatal rats with HILI. Exposure to hyperoxia in rats treated with IT BM-derived c-kit -cells resulted in marked alveolar simplification ( Fig. 2A) . Moreover, morphometric analysis of these hyperoxic lungs revealed a marked increase in MLI (48.2 ± 3.3 vs. 72 ± 2.6 μm; RA BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit -cells; p < 0.001, n = 5-6/group) and a reduction in lung septal density (52 ± 5 vs. 25 ± 3 septa/hpf; RA BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit -cells; p < 0.001, n = 5-6/group) ( Fig. 2A-C ). In contrast, neonatal rats with HILI that were treated with IT BM-derived c-kit + cells had a significant improvement in lung alveolarization as evidenced by a decrease in MLI (72 ± 2.6 vs. 48.2 ± 1.7 μm; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) and increased lung septal density (25 ± 3 vs. 44 ± 4 septa/hpf; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.04, n = 5-6/ group) ( Fig. 2A-C) . These findings were accompanied by a marked decrease in Mac3 + cells in the alveolar spaces of rats that received IT BM-derived c-kit + cells (6.7 ± 1.4 vs. 3.2 ± 0.9 Mac3 + cells/hpf; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) (Fig. 2D, E) .
Bone Marrow-Derived c-kit + Cells Do Not Affect PH in Neonatal HILI
Exposure of the neonatal lung to hyperoxia also results in PH. This increase in pulmonary artery pressure is secondary to vascular pruning and pulmonary vascular remodeling (46). Thus, we next questioned whether the administration of IT BM-derived c-kit + cells would also improve PH and vascular remodeling. Compared to RA rats, there was a significant increase in the RVSP, a surrogate measure of pulmonary artery pressure, in neonatal rats exposed to hyperoxia (Fig. 3A) . There was no significant difference in the RVSP in the rats that received IT BM-derived c-kit + cells or IT BM-derived c-kit -cells (21 ± 4 vs. 22 ± 1.6 mmHg; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; n = 5-6/group) (Fig. 3A) . We also assessed the degree of pulmonary vascular remodeling by measuring the MWT of pulmonary arterioles (20-50 μm in diameter). Compared to RA, both hyperoxia-exposed groups had a significant increase in MWT, but there was no difference in the degree of vascular remodeling between the hyperoxia-exposed neonatal rats that received IT BM-derived c-kit + or c-kit -cells (0.25 ± 0.03 vs. 0.25 ± 0.03 μm; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; n = 5-6/group) (Fig. 3B) .
Bone Marrow-Derived c-kit + Cells Decrease Apoptosis in Neonatal HILI
Hyperoxia-induced lung injury is known to induce epithelial cell apoptosis (41). Thus, we next asked whether the administration of IT BM-derived c-kit + cells could (Fig. 4A) . In contrast, TUNEL staining of hyperoxia-exposed lungs that were treated with IT BM-derived c-kit + cells demonstrated a significant decrease in the percentage of TUNEL + cells (17.3 ± 4.6 vs. 1.8 ± 2.3%; hyperoxia BM-derived c-kit -cells vs. hyperoxia BM-derived c-kit + cells; p < 0.001, n = 5-6/group) (Fig. 4A, B) . Similarly, Western blot analysis revealed a fourfold decrease in the expression of CC3 in the lung homogenates of hyperoxic pups treated with IT BM-derived c-kit + cells compared to those that received IT BM-derived c-kit -cells (p < 0.001, n = 5-6/ group) (Fig. 4C) .
Engraftment of Bone Marrow-Derived c-kit + Cells in Neonatal HILI
In order to ascertain whether the therapeutic effect of the BM-derived c-kit + cells was secondary to cell engraftment, we evaluated the percentage of GFP + cells that were present in the lungs of hyperoxic pups at P15. We demonstrated that only 1.17 ± 0.13% of total lung cells were GFP + BM-derived c-kit + cells, and of these engrafted cells, 47 ± 17% expressed SP-C (Fig. 5A, B) . None of the retained GFP + BM-derived c-kit -cells expressed SP-C (Fig. 5B) . In addition, no GFP + BM-derived c-kit + or c-kit -cells expressed the endothelial cell marker vWF.
DISCUSSION
Impaired alveolar development and dysmorphic vascular growth are the hallmarks of BPD or chronic lung disease of prematurity (22). Although several preventative and therapeutic strategies have been tried, BPD still affects 30-50% of infants with birth weights <1,000 g (38), and in a study of health care expenditure among children enrolled in the Washington State Medicaid Program, BPD ranked second for total payments of $17,481,047 annually (5). It is therefore apparent that innovative preventative and therapeutic options for this disease are urgently needed.
Recent preclinical studies suggest that cell-based therapies may be efficacious in attenuating neonatal HILI as evidenced in BPD (3, 44, 45) . However, the exact population of cells that is most beneficial for neonatal lung repair remains unclear. The present study sought to ascertain whether BM-derived cell-based therapies targeting the c-kit population would be most effective in repairing the neonatal lung with phenotypic injury similar to that seen in BPD. We show that, compared to BM-derived c-kit -cells, the administration of IT BM-derived c-kit + cells ameliorates neonatal HILI by improving angiogenesis, restoring alveolar structure, decreasing apoptosis, and increasing the secretion of angiogenesis-related factors. These findings have therapeutic implications as they suggest that the BM-derived c-kit + cellular population may be most efficacious for neonatal lung regeneration.
c-kit is a type III tyrosine kinase receptor commonly utilized as a marker of BM-derived and tissue stem cells (23). Activation of this receptor by its ligand, stem cell factor, is known to promote cell migration, survival, and proliferation (2). Only 1-4% of all cells in the BM express c-kit (33). These include hemangioblasts, the presumptive common progenitor cell for HPCs and vascular endothelial cells (6), EPCs (12), and mast cells (11). Interestingly, within the peripheral blood, c-kit is evident in less than 0.1% of normal circulating peripheral blood cells as c-kit is downregulated following maturation of hematopoietic cellular lineages. In our present study, we compared the efficacy of BM-derived c-kit + cells to BM-derived c-kit -cells in an experimental model of BPD. This cell population was targeted specifically as BPD is known to be characterized by defective angiogenesis, and prior studies had demonstrated the proangiogenic properties of BM-derived c-kit + cells (29,42). We demonstrate that the administration of BM-derived c-kit + cells improves lung vascular density in newborn rodents with HILI. These findings are consistent with those of Fazel and colleagues who demonstrated that BM-derived c-kit + cells promote myocardial repair following infarction by improving angiogenesis (15). Li et al. also showed that BM-derived c-kit + cells injected into ischemic hindlimbs of mice increased perfusion by increasing VEGF secretion or by themselves differentiating into endothelial cells, which incorporated into vessels (29). These latter findings actually suggest that the proangiogenic effects of BM-derived c-kit + cells may be both paracrine mediated or potentially by transdifferentiation. In our present study, while we demonstrated that the improvement in lung vascular density was accompanied by an increase in lung VEGF concentration, we did not show any incorporation of the cells in the vasculature, suggesting that the effects of the cells may be mainly paracrine-mediated. It is plausible that the disparity in our results may be due to the fact that in our study the cells were administered intratracheally rather than systemically. However, the IT route of administration of stem cells is particularly advantageous over the intravenous route as cells are delivered directly to the injured lung, and the propensity for systemic adverse effects is lessened.
In addition to improved lung angiogenesis, our present study also showed a significant improvement in alveolarization following administration of BM-derived c-kit + cells to neonatal rodents with HILI. While this improvement in alveolarization may have been a direct consequence of the improvement in angiogenesis (42), parenchymal repair following BM-derived c-kit + cell administration has been documented in several models of organ injury. Transplantation of BM-derived c-kit + cells reduced hyperglycemia in mice with streptozotocin-induced pancreatic injury (19). Additionally, in a mouse model of peritoneal fibrosis, BM-derived c-kit + cells were shown to differentiate into mesothelial cells and to improve peritoneal repair (37). Interestingly, in our study, although the degree of retention of BM-derived c-kit + cells as evidenced by the GFP + population in the lung was limited, a significant percentage of retained cells did express surfactant protein-C, a type II alveolar epithelial cell marker. Whether this differentiation significantly enhanced lung repair is not presently clear. It should, however, be noted that the minimal degree of cell retention in our present study is similar to those of other investigators following IT administration of BM-derived stem cells in experimental models of BPD (44). Thus, our findings may suggest that similar to the paracrine-mediated improvement in angiogenesis, the restoration in alveolar development following BM-derived c-kit + cells may also be due to an increase in VEGF secretion. This interpretation is consistent with prior studies, which have shown that VEGF is crucial for alveolar development (16) and moreover that recombinant VEGF restores alveolar structure in rodent models of neonatal HILI (28).
Yet another possible explanation for the improvement in alveolarization demonstrated in our study is the modest attenuation in epithelial cell apoptosis evidenced in the lungs of rodents that received BM-derived c-kit + cells. Indeed, it has previously been shown that c-kit promotes cell survival by the activation of phosphoinositide 3-kinase and the subsequent protein kinase-B (Akt)-mediated phosphorylation of the B-cell CLL/lymphoma 2 (BCL2)-associated agonist of cell death (Bad) protein (7). Moreover, previous studies have demonstrated that c-kit dysfunction is associated with increased cardiomyocyte apoptosis following myocardial infarction (15) and, conversely, that augmentation of c-kit signaling decreased apoptosis in several models of injury (4,13).
Although this was a short-term study, an important consideration in cell-based therapies is the possibility of adverse effects. One main concern with the administration of BM-derived c-kit + cells is the potential risk of worsening PH as prior studies had demonstrated that c-kit + progenitor cells may contribute to pulmonary vascular remodeling (31). In our present study, we did not demonstrate any significant difference in RVSP or pulmonary vascular remodeling in the rodents that received BM-derived c-kit + or BM-derived c-kit -cells, but longterm studies are warranted. Other investigations will also need to be performed to compare the relative therapeutic efficacy of BM-derived c-kit + cells and other stem cell populations in neonatal HILI. Our present findings are, however, strengthened by the fact that we utilized BM-derived c-kit -cells as our placebo group, and thus any adverse effects specifically due to the c-kit + cell population could be identified. Furthermore, compared to other cell therapies that require expansion of the cells in culture media prior to administration, BM-derived c-kit + cells were administered directly following isolation.
In conclusion, the findings in our present study suggest that c-kit-targeted cell therapies may be efficacious in promoting neonatal lung repair. We demonstrate that IT administration of BM-derived c-kit + cells upregulates angiogenesis-related genes, decreases apoptosis, and restores alveolar as well as vascular structure in an experimental model of BPD. We speculate that this may be a potent therapeutic strategy for lung regeneration in preterm infants with BPD.
